LR White and Unicryl are members of the same family of acrylic embedding resins and are very suitable for "on g r i d postembedding immunogold labeling. We studied the ultrastructure of LR White-and Unicryl-embedded cultured chromaffin cells and the immunolocalization of three chromaffin cell proteins, the enzymes dopamine-P-hydroxylase (DPH) and tyrosine hydroxylase (TH), and the membrane fusion and CaZ+ channel protein synexin (annexin VU). We
Introduction
The epoxy resins Epon and Araldite are among the oldest and most commonly used embedding media for electron microscopy. They polymerize uniformly under heat (60-70"C), are stable under the electron beam, and guarantee good tissue preservation. However, the use of these low-viscosity resins for histology and immunomicroscopy is limited because of their hydrophobic character (1,ll) . They are not permeable to most aqueous solutions, and they tend to increase protein denaturation because of heat generated during polymerization (18) .
LR White was introduced in the 1980s (11) as an acrylic hydrophilic embedding medium, which polymerizes under vacuum at a relatively low temperature (37°C) and is also freely permeable to aqueous solutions. Therefore, with the introduction of LR White, immunogold labeling was found to be much improved (3) . More recently, a new acrylic resin, first referred to as "Bioacryl" (17) , was introduced and marketed in 1993 by British Biocell International as Unicryl, a "universal resin." Polymerization of Unicryl involves the use of low-temperature (-2O'C) and ultraviolet (w) light, thus exposing the cells to more favorable conditions for antigen preservation and immunohistochemistry.
In this study we evaluated the immunolocalization of dopamine-P-hydroxylase (DPH), tyrosine hydroxylase (TH), and the mem- report here that Unicryl is preferable to ZR White as an embedding medium for electron microscopy when osmium tetroxide fiition is omitted. The basis for this distinction is better uhastructurd preservation and improved immunodetection efficiency. (J Hisrochem Cytochem 44:
289-295, 19%)
KEY WORDS: LR White; Unicryl; Postembedding; Immunocytochemistry; Chromaffin cells. brane fusion and Ca2+ channel protein synexin (annexin VII) in bovine chromaffin cells embedded in either LR White or Unicryl. In all cases the localizations were similar for both types of medium. However, Unicryl offered advantages over L. R White in terms of both ultrastructural preservation and labeling efficiency.
Materials and Methods
Preparation of Cell Culture. Bovine adrenal glands were obtained from a local slaughterhouse and transported on ice to the laboratory. The preparation of chromaffin cells for primary culture was essentially as described previously (7) . Cells were plated at a density of 0.5 x lo6 cells/cm*/ml in 35-mm plastic Petri dishes (Nunc; Naperville, IL). Within the first 12 hr after plating the culture medium was replaced with fresh medium to remove unattached cells and cell debris, thereby enhancing the growth of clusters of chromaffin cells on medullary endothelial cells. After 3 days of culture, cells were carefully scraped off the bottom of the dish with a cell scraper (Nunc), and cells from three or four dishes were collected in a 15-mi centrifuge tube. Cells were centrifuged at 800 rpm for 3-5 min in a Sorvall (RT 6000B) table centrifuge. Often, at this stage, a nice pellet would form which could be transferred directly to the fixative. When the pellet was not compact enough it was carefully taken up in culture medium and centrifuged again in 1.5-ml Eppendorf tubes in an Eppendorf table centrifuge (15 sec, maximal speed). The bottom of the Eppendorf tube containing a firm pellet was then cut off with a sharp razor blade and the pellet was carefully lifted up with a small wooden applicator and placed in a small vial. The cell pellet was fixed intact for 30 min (pH 7.3, room temperature) in 2.2% glutaraldehyde, or in 4% paraformaldehyde and 0.2% glutaraldehyde, in 0.1 M cacodylate buffer containing 2% sucrose. Dehydration and Embedding. After fixation. pellets were washed three or four times in 0.1 M Na-cacodylate buffer, cut into small pieces, and divided into two groups. The first group was postfixed in 1% Os04 in 0.1 M Nacacodylate buffer containing 1% potassium ferricyanide (K3Fe(CN)r,) to improve membrane contrast (16) . and 1% sucrose. The second group was incubated in buffer containing only K3Fe(CN)6 and 1% sucrose. After 30 min all samples were washed four times in cacodylate buffer. The two groups were further subdivided into two subgroups each. one for embedding in LR White (Ted Pella: Redding, CA) and one for embedding in Unicryl (Ted Pella). Samples for LR White embedding were dehydrated in a graded alcohol series with 70% as the highest alcohol concentration, and were polymerized under vacuum at 40°C as described previously (3) . Embedding in Unicryl was done according to the protocol described by British BioCell International (Cardiff, UK) with minor modifications. Samples were dehvdrated in solutions of increasing ethanol concentrations (50. 70, 80. 90. 0 5 % ) for 15 min each at 4°C and dehydrated in 100% alcohol three times for 20 min. alsoat 4%. Samples were then infiltrated in Unicryl resin for I hr at 0%. and again in fresh resin overnight on ice ( 0 T ) with gentle agitation. The resin was then replaced with fresh resin and infiltration was continued for another hour. Different polymerization conditions were employed, as described in Table 1 . Processing at low temperature was carried out in a Pelco Cryochamber (Ted Pella). either at -20'C (UVC2) or at -5o'C (UVCI). In some experiments. glutaraldehyde-fixed cell pellets were embedded in 10% gelatin. then fixed in 4% paraformaldehyde in 0.1 M Nacacodylate buffer containing 30% sucrose for 48 hr, washed, and cut into 30-pm sections on a Vibratome 2000. The Vibratome sections were immunolabeled (2) . postfixed in 1% 0~0 4 . and flat-embedded in Araldite.
Light Microscopy. Semithin sections were cut with a Histoknife (DDK Delaware Diamond Knife) on a Reichert ultramicrotome. Sections were picked up individually, transferred to a droplet of distilled water on a silanated slide (Digene Diagnostics; Beltsville. MD), and stained with toluidine blue. The staining time for Unicryl sections was 2-3 min longer than for LR White sections. Unosmicated sections were also stained for 2-3 min longer than osmicated ones.
Electron Miaoscopy. Ultrathin sections were cut with a Diatome knife on a Reichert ultramicrotome at 90-nm thickness and collected on copper or nickel grids. Cutting characteristics of LR White and Unicryl were essentially similar. lmmunolabeling of ultrathin and Vibratome sections was performed as described previously (23). Antibodies used were rabbit polyclonal antibodies against DPH and TH (Eugene Tech; Ramsay, NJ) and a goat polyclonal antibody against synexin (KER). Secondary antibodies used were conjugated to 15-nm gold particles. All sections were stained in an LKB Ultrastainer with uranyl acetate and lead citrate. Sections were examined and photographed in a Phillips TEM 400 electron microscope.
Quantitation of immunogold labeling was carried out as follows: An area, or field, of 12" x 12': i.e., 92 wm2, was traced on a photomicrograph of x 31,250 magnification. The field was chosen so that roughly 20% of it was occupied by nuclear profile, 209'0 by cytosol, including mitochondrial, small vesicle, and endoplasmic reticulum profiles, and 60% by chromaffin granule profiles. Gold particles located on four different cell compartments, i.e., nucleus, cytosol, membranes including granule, endoplasmic reticulum, mitochondrial, and plasma membranes, and chromaffin granule interior were counted, and the average number of particles in the fields of six micrographs was calculated
Results
Light microscopic images of chromaffin cells embedded in both types of medium are shown in Figure 1 . LR White sections had a much higher affinity than Unicryl for toluidine blue and for uranyl and lead. However, sections of adrenal gland embedded in Unicryl appeared to stain much more avidly with the histological PAS and van Gieson stains than sections of the gland embedded in LR White (results not shown). Figure la shows a toluidine bluestained semithin section cut from a pellet of chromaffin cells, which was fixed with 2.2% glutaraldehyde, incubated in KsF(CN)6, and embedded in Unicryl. The sample was not postfixed with 0~0 4 . In this micrograph, two cells, probably endothelial cells or fibroblasts, can be seen in the mitotic metaphase. Figure 1b (Figures 2b  and 2d ). The cells were not postfixed with 0~0 4 . Immunogold labeling for DBH is shown in Figures 2a and 2b and for synexin in Figures 2c and 2d . The structure of the nuclear and cytoplasmic matrix in Unicryl-embedded cells appears to be finer and especially more homogeneous than in LR White embedded cells. In addition, the staining contrast is more even in the Unicryl section. Moreover, mitochondria are better defined in Unicryl than in LR White. In both cases, however, the omission of os04 impairs the membrane fine structure and the staining contrast of the section. In LR White, a translucent space is present around granules ("halo") or next to cell membranes (Figure 2b ). By contrast, in Unicryl, even without os04 fixation, the granule membranes are still partly distinguishable (Figures 2a and 2c ).
Labeling for DPH (Figures 2a and 2b) is obvious in the cells embedded in both acrylic resins, and is mostly seen on the chromaffin granule membrane and in the granule interior. However, in Unicryl-embedded samples the labeling appears to be more extensive (see also Figure 4 ). Very little labeling for DPH is seen in the cytosol or the nucleus. Labeling for synexin (Figures 2c and  2d) is visible in all distinguishable cell compartments, in the nucleus, the cytosol, in the granule, and on the granule membrane, and its extent is similar in cells embedded in either resin. The controls, in which the primary antibody for either antigen, DPH, or synexin was omitted, were completely negative. Another indication of the specificity of the synexin label is that in Western blots of adrenal medulla the KER antibody reacts only with the large synexin isoform. Figure 3 shows chromaffin cells fixed, embedded, and immunolabeled for DPH using different methods. The cell in Figure  3a is from a pellet fixed with 2.2% glutaraldehyde, postfixed with 0~0 4 , and embedded in LR White. Ultrastructural preservation is good and intracellular membranes are clearly visible. However, labeling for DBH is far less than when os04 fixation is omitted, most likely due to crosslinking of proteins or cleavage of peptide bonds by the 0~0 4 . Figure 3b shows a chromaffin cell fixed with 4% paraformaldehyde and 0.2% glutaraldehyde, without Os04 postfixation, and embedded in Unicryl. The use of this fixative leads to shrinkage and deformation of the chromaffin cells and granules. However, labeling for DOH is very extensive. Figures 3c and  3d are from gelatin-embedded chromaffin cells that were stained for DPH with the peroxidase-based Vectastain ABC method (Vector Labs; Burlingame, CA) using DAB as a marker. A fine electrondense DAB precipitate is present on some but not all of the granules, in parts of the membrane, and in the granule interior. Label is also seen on the plasma membrane, possibly due to previous exocytosis of DPH-containing chromaffin granules. We carried out a semiquantitative analysis of the immunogold labeling for synexin, tyrosine hydroxylase (TH), and DDH in cells that were embedded in either LR White or Unicryl and fixed with either 2.2% glutaraldehyde (Fix 1; LR-1, Uni-1) or 4% paraformaldehyde and 0.2% glutaraldehyde (Fix 2; Uni-2). Cells were not fixed with 0~0 4 . The results of this analysis for four different intracellular compartments, the nucleus, the cytosol, the granule, and all cell membranes, are shown in Figure 4 . The intracellular distribution of these proteins was essentially as described previously (>, 6, 8, 9, 20) . In general, and particularly with respect to TH, the labeling density appeared to be greater on Unicryl sections than on LR White sections. The intensity of immunolabeling on Unicryl sections for TH was essentially the same, using Fix 2 compared to Fix 1, in all four cell compartments. However, labeling for synexin in the nucleus and granules was somewhat more intense with Fix 2 than with Fix 1. Moreover, granule, membrane, and cytosolic labeling for DPH was slightly greater when Fix 2 was used rather than Fix 1. Because we sampled only one cell preparation for this analysis, only a preliminary statistical evaluation of the data was carried out (see legend to Figure 4 ).
We have summarized in Table 1 the effects of different fixation and embedding conditions on the ultrastructural appearance of chromaffin cells. The quality of ultrastructure under the different conditions is relative with respect to each group. When os04 fix- ation is omitted, the use of Unicryl as an embedding medium leads to very good ultrastructural results, when polymerization is carried out at low temperature ( -20°C or -50°C) by uv light. Embedding of cells that are not fixed with os04 in LR White with heat polymerization also gives quite good results, although less good than when Unicryl is used. The use of LR White polymerized with uv light at -20°C results in similar cell preservation as when the resin is polymerized by heat. However, when os04 is used as a fixative, only LR White embedding, with polymerization at 40°C under vacuum, results in good ultrastructure. Unicryl polymerization by heat is not feasible because the resin hardens unevenly and sections are consequently very brittle. Nevertheless, Unicryl embedding of osmium-fixed material can be carried out with uv light polymerization, but in that case, because of limited penetration of the light, only the surface of the sample (c. 30 pm) will be well preserved (results not shown). Therefore, immunolabeled and osmium-fixed Vibratome sections can also be embedded in either LR White or in Unicryl.
Discussion
In this study we have compared chromaffin cells embedded in LR White and Unicryl with respect to cell preservation as viewed by light and electron microscopy and to antigen detection using immunoelectron microscopy. The antigens we localized were two enzymes involved in catecholamine biosynthesis, tyrosine hydroxylase (TH) and dopamine-P-hydroxylase (DPH), and the protein annexin VI1 (synexin), which has been proposed to play a role in granule exocytosis (6) . In our evaluation of the ultrastructure and immunocytochemistry of cells embedded in the two acrylic resins, we concentrated on cells that were not postfixed with 0~0 4 , since many antigens are sensitive to o s 0 4 and are therefore hard to detect after osmium fixation. In our case, the epitope in the DBH molecule recognized by our antibodies was very sensitive to os04 fixation, whereas this issue appeared less critical for TH and synexin. A problem, however, is that ultrastructure is often difficult to preserve when Os04 fixation is omitted, and the contrast of ultrathin sections is erratic because of diffusion of uranyl acetate and/or lead citrate (see Figures  2b and 2d) . Nevertheless, considering the fact that os04 fixation was omitted, we found that ultrastructural cell preservation was very good when cells were embedded in the recently introduced acrylic resin Unicryl. By contrast, when embedded in LR White, cells that were not fixed with Os04 had a less well-preserved ultrastructure. Consistent with this observation, we found that immunogold labeling is either similar or more abundant in low-temperature uv-polymerized Unicryl than in heat-polymerized LR White (see Figure 4) . The low polymerization temperature may be partly responsible for this result. Therefore, we preferred Unicryl as an embedding medium for immunoelectron microscopy of osmiumsensitive antigens. These results are not in agreement with the findings by Slater and Mason (19) , who found that Unicryl embedding of human skin resulted in poor cell preservation and immunogold labeling. However, they polymerized the Unicryl samples at c. 4°C. at which temperature the heat generated by the exothermic polymerization reaction is likely to cause structural and molecular damage to the tissue. For localization of osmium-insensitive antigens, cells can be postfixed with os04 and embedded in LR White polymerized at 40°C under vacuum. The ultrastructure of these LR White-embedded cells is comparable to that of cells embedded in hydrophobic epoxy resins such as Epon or Araldite (3, 12, 13) . Nevertheless, if low temperature is necessary for immunoreactivity, it is possible to embed osmium-fixed material in Unicryl using uv light polymerization. In this case, however, the uv light will not penetrate and thus will not polymerize more than c. 30 pm of the osmicated block or Vibratome section.
The localization of the antigens we investigated, TH, DBH, and synexin, is in accordance with previously reported findings from immunocytochemistry or biochemistry (6, 8, 9, 14) . The improved immunolabeling efficiency for synexin and DPH when fixation is carried out with a combination of a low glutaraldehyde concentration and paraformaldehyde is not unexpected and has been described in the literature ( 4 ) . Compared to the postembedding methods, the preembedding immunolabeling of DPH using DAB as a marker also gave reasonable results, and the labeling of cellular membranes that we found using this method has also been observed with light and electron microscopic immunolabeling methods (10, 14) . However, it is hard to distinguish the relatively weakly electron-dense DAB precipitate compared to the electron density of the particulate gold.
In conclusion, our results suggest that for immunocytochemistry experiments in which Os04 postfixation is to be omitted, the use of Unicryl, polymerized at low temperature with uv light, is advantageous over LR White, with respect to ultrastructural preservation and immunolabeling efficiency. It is possible that the chemical composition of Unicryl is a factor leading to these positive results (15J7). In addition, the fact that Unicryl is devoid ofwater during polymerization and LR White is not (11) may contribute to the preservation of cellular ultrastructure in this embedding compound.
However, when Os04 fixation is applied, embedding in LR White with heat polymerization is the method of choice.
